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The	 bactericidal	 efficiency	 of	 CNFs	 was	 first	 determined	 against	 Gram-	negative	
Escherichia coli	and	Salmonella	Typhimurium,	and	Gram-	positive	Staphylococcus aureus 
and	 Listeria innocua	 bacteria	 as	 a	 baseline.	 The	 results	 strongly	 suggest	 that	 CNFs	
	interact	with	the	negatively	charged	bacterial	cell	wall	causing	membrane	rupture	and	







life	 of	 food	 products	while	 inhibiting	 the	 spread	 of	 alteration	 flora	 and	 foodborne	
pathogens.








2012;	Geng,	 Kwon,	&	 Jang,	 2005;	Homayoni,	 Ravandi,	 &	Valizadeh,	
2009;	 Kriegel,	 Kit,	 McClements,	 &	Weiss,	 2009;	 Pakravan,	 Heuzey,	
&	Ajji,	2011;	Rieger,	Birch,	&	Schiffman,	2016;	Ziani	et	al.,	2011).	The	
	resulting	 chitosan	 nanofiber	 (CNF)	 mats	 exhibit	 a	 remarkably	 high	
porosity	 (in	 the	 range	of	 80%–90%)	 and	 surface	 area	 per	 unit	mass	
(between	10	and	500	m2/g)	and	display	good	biocompatibility	and	bio-
functionality	(Ardila	et	al.,	2016;	Greiner	&	Wendorff,	2007).	Therefore,	
CNFs	 may	 have	 promising	 applications	 in	 biomedical	 (cell	 culture,	
wound	healing,	 tissue	engineering)	 (Ignatova,	Manolova,	Markova,	&	
Rashkov,	 2009),	 pharmaceutics	 (controlled	 drug	 release,	 gene	 ther-
apy)	 (Jayakumar,	 Prabaharan,	Nair,	 &	Tamura,	 2010),	water	 filtration	
(chelation	 of	metal	 ions)	 (Haider	&	Park,	 2009),	 and	 food	 packaging	




for	 the	 formation	of	 the	Taylor	 cone,	which	 in	 turn	generates	nano-
fibers.	 For	 example,	 some	 authors	 reported	 the	 preparation	 of	 neat	
CNFs	using	trifluoroacetic	acid	(TFA)	as	a	solvent	or	its	mixtures	with	
dichloromethane	 (DCM)	 (Gu	et	al.,	2013;	Lee	et	al.,	2014).	However,	
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contact	time	with	CNFs,	as	pointed	by	the	blue	arrows	(Figure	7d).	
This	 detachment	 of	 the	 plasma	membrane	 was	 due	 to	 desorption	
of	 the	 cytosol,	 subsequent	 to	 	leakage	 of	 intracellular	 compounds	
(Figure	7c),	 making	 cells	 look	 transparent	 and	 empty	 (Figure	7d).	
After	30	min	contact	time,	the		cytoplasmic	membrane	of	E. coli	col-
lapsed	(Figure	7d)	and	S. aureus	cells	were	completely	disintegrated	
(Figure	7h).	Adsorption	of	 	molecules	 to	bacterial	 cell	walls,	of	both	
E. coli	and	S. aureus	was	also	observed	and	was	proportional	to	con-
tact	time	(Figure	7b,	7c	and	7d).	This	might	be	due	to	(1)	the	release	
of	 intracellular	 components	 that	 can	 attach	 to	 the	 surface	 of	 bac-
teria,	 reflecting	 local	 cell	 rupture,	 or	 (2)	 to	 small	 soluble	CS	 chains	
surrounding	 the	 bacterial	 cells	 via	 electrostatic	 and	 hydrophobic	

































brane	 pervasion	 and	 perforation,	 (2)	 partly	 resolubilized	 CS	 chains	
can	 kill	 bacteria	 by	 causing	membrane	 rupture	 and/or	 suppressing	
cell	exchange	and	nutrient	uptake,	(3)	CS	nanofibers	and/or	solutions	
can	cause	osmotic	stress	by	chelating	trace	elements	such	as	metallic	




















+	 functional	 groups	 on	CNFs	 favored	 and	maximized	
cell	adhesion	and	attachment	to	the	surface	of	the	mats.	The	model	
established	here,	regarding	CNFs’	mode	of	action	suggests	that	bac-





adsorption	 of	CS	 to	 the	 bacterial	 surface	 is	 the	 first	 step	 in	CNFs’	
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nanoparticles	 inhibits	 Escherichia	 coli	 and	 Staphylococcus	 	aureus	 by	
damaging	 the	 cell	membrane	 and	 putative	 binding	 to	 	extracellular	 or	
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